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FIGURES 
 
 
 
 
Figure S1. Representative Lorentzian fits of Ir(dimen) TRIR spectra in DCM (top) and MeCN 
(bottom). 470 nm – excited spectra (left) fitted with two Lorentzians, 585 nm – excited spectra 
(right) fitted with three Lorentzians to include the 2202 cm–1 bleach. Attempts to fit the spectra 
with Voigt functions resulted in a Lorentzian shapes with the Gaussian width vanishing. 
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Figure S2. Time-evolution of IR spectra of Ir(dimen) in MeCN after 470 nm (left) and 585 nm 
(right) excitation measured with a magic angle between Vis pump and IR probe polarizations. 
Detail of the 2130-2160 cm–1 region. Top: Difference TRIR spectra measured at selected time 
delays. Bottom: decay associated spectra obtained by multiexponential global fitting. 
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Figure S3. Time-evolution of IR spectra of Ir(dimen) in DCM after 470 nm (left) and 585 nm 
(right) excitation measured with a magic angle between Vis pump and IR probe polarizations. 
Top: Difference TRIR spectra measured at selected time delays. Bottom: decay associated 
spectra obtained by multiexponential global fitting. The lower panel shows the detail of the 
2130-2160 cm–1 region. 
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Figure S4. Time-evolution of IR spectra of Ir(dimen) in THF after 470 nm (left) and 585 nm 
(right) excitation measured with a magic angle between Vis pump and IR probe polarizations. 
Top: Difference TRIR spectra measured at selected time delays. Bottom: decay associated 
spectra obtained by multiexponential global fitting. The lower panel shows the detail of the 
2130-2160 cm–1 region. 
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Figure S5. Time dependences of the maximum wavenumber of the transient IR band of 
Ir(dimen) in MeCN after 470 and 585 nm excitation at a magic angle polarization. 
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Figure S6. Difference evolution associated (EA) spectra obtained by multiexponential global 
fitting of Ir(dimen) TRIR spectra in MeCN, DCM, and THF measured upon 470 nm (left) and 585 
nm (right) excitation with a magic angle between Vis pump and IR probe polarizations. EA 
spectra can be approximately regarded as difference IR spectra at the beginning of the 
associated kinetics step. 
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Figure S7. Representative Lorentzian fits of ISC and "long" EA spectra to determine positions 
and widths of ν(C≡N) IR bands of Ir(dimen) 1dσ*pσ and 3dσ*pσ excited states, respectively. 
Top: in DCM. Bottom: in MeCN. 470 nm – excited spectra (left) fitted with two Lorentzians, 585 
nm – excited spectra (right) fitted with three Lorentzians to include the 2202 cm–1 bleach. 
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Figure S8. Time-evolution of IR spectra of Ir(dimen) in MeCN after 470 nm (left) and 585 nm 
excitation (right) obtained with parallel (top) and perpendicular (bottom) orientations of pump 
and probe polarization directions. 
 
-0.002
0.000
0.002
∆
 A
b
s
o
rb
a
n
c
e
 0.2
 3.5
 15
 400
-0.004
-0.002
0.000
0.002
0.004
 0.2
 3.5
 15
 400
2080 2120 2160 2200
-0.002
0.000
0.002
∆
 A
b
s
o
rb
a
n
c
e
Wavenumber / cm-1
 1
 7
 68
 long
470 nm, parallel 585 nm, parallel
2080 2120 2160 2200
-0.004
-0.002
0.000
0.002
0.004
Wavenumber / cm-1
 7.9
 79
 long
Exp Exp
DAS
DAS
-0.003
-0.002
-0.001
0.000
0.001
0.002
∆
 A
b
s
o
rb
a
n
c
e
 0.1
 2.5
 15
 400
470 nm, perpendicular 585 nm, perpendicular
-0.006
-0.003
0.000
0.003
 0.1
 2.5
 15
 400
2080 2120 2160 2200
-0.002
-0.001
0.000
0.001
0.002
∆
 A
b
s
o
rb
a
n
c
e
Wavenumber / cm-1
 0.3
 4.7
 70
 long
2080 2120 2160 2200
-0.003
0.000
0.003
Wavenumber / cm-1
 4.5
 68
 long
Exp
DAS DAS
Exp
S10 
 
 
 
 
 
Figure S9. Time-evolution of IR spectra of Ir(dimen) in DCM after 470 nm (left) and 585 nm 
excitation (right) obtained with parallel (top) and perpendicular (bottom) orientations of pump 
and probe polarization directions. 
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Figure S10a. Selected kinetics traces of Ir(dimen) in DCM measured after 470 nm and 585 nm 
excitation with magic angle between pump and probe beam polarizations. Top: 3-point 
averaging applied. Bottom: raw data. Traces in the left panel were measured at (from top 
down): 2109, 2106, 2103, 2101, 2098, 2095, 2093, 2090, 2087, 2085, 2082 cm–1, break line, 
2221, 2215, 2206 cm–1. Right panel: 2103, 2101, 2098, 2095, 2093, 2090, 2087, 2085, 2082, 
2079, 2077, 2074, 2071 cm–1, break line, 2215, 2209, 2188, 2185, 2182, 2180 cm–1. 
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Figure S10b. Selected kinetics traces of Ir(dimen) in DCM measured after 470 nm and 585 nm 
excitation with parallel pump and probe beam polarizations. Top: 3-point averaging applied. 
Bottom: raw data. Traces in the left panel were measured at (from top down): 2112, 2109, 
2104, 2098, 2093, 2082, 2071 cm–1, break line, 2209, 2182 cm–1. Right panel: 2109, 2106, 2104, 
2101, 2098, 2095, 2093, 2090, 2087, 2085, 2082, 2079, 2069 cm–1, break line, 2221, 2215, 2212, 
2209, 2206, 2197 cm–1. 
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Figure S10c. Selected kinetics traces of Ir(dimen) in DCM measured after 470 nm and 585 nm 
excitation with perpendicular pump and probe beam polarizations. Top: 3-point averaging 
applied. Bottom: raw data. Traces in the left panel were measured at (from top down): 2098, 
2095, 2093, 2090, 2087, 2085, 2082, 2079, 2074, 2063 cm–1, break line, 2215, 2203, 2197, 2191 
cm–1. Right panel: 2104, 2101, 2098, 2095, 2093, 2090, 2087, 2085, 2082, 2079, 2077 cm–1, 
break line, 2212, 2209, 2206, 2200, 2194 cm–1. 
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Figure S11a. Selected kinetics traces of Ir(dimen) in MeCN measured after 470 nm and 585 nm 
excitation with magic angle between pump and probe beam polarizations. Top: 3-point 
averaging applied. Bottom: raw data. Traces in the left panel were measured at (from top 
down): 2112, 2109, 2106, 2103, 2101, 2098, 2095, 2093, 2087, 2085, 2079, 2071, 2058 cm–1, 
break line, 2218, 2206, 2200, 2188, 2185, 2182 cm–1. Right panel: 2101, 2098, 2095, 2093, 2090, 
2087, 2085, 2082, 2077, 2069, 2058 cm–1, break line, 2215, 2209, 2206, 2203 cm–1. 
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Figure S11b. Selected kinetics traces of Ir(dimen) in MeCN measured after 470 nm and 585 nm 
excitation with parallel pump and probe beam polarizations. Top: 3-point averaging applied. 
Bottom: raw data. Traces in the left panel were measured at (from top down): 2109, 2106, 
2103, 2101, 2095, 2090, 2082, 2071, 2061 cm–1, break line, 2209, 2188, 2185, 2182 cm–1. Right 
panel: 2109, 2106, 2103, 2101, 2098, 2095, 2093, 2087, 2085, 2079, 2063 cm–1, break line, 
2215, 2209, 2200, 2197, 2194 cm–1. 
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Figure S11c. Selected kinetics traces of Ir(dimen) in MeCN measured after 470 nm and 585 nm 
excitation with perpendicular pump and probe beam polarizations. Top: 3-point averaging 
applied. Bottom: raw data. Traces in the left panel were measured at (from top down): 2103, 
2101, 2098, 2095, 2093, 2087, 2085, 2079, 2074, 2058 cm–1, break line, 2209, 2194, 2191, 2188, 
2185, cm–1. Right panel: 2098, 2095, 2093, 2090, 2087, 2085, 2079, 2074, 2058 cm–1, break line, 
2212, 2209, 2206, 2203, 2188, 2185 cm–1. 
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Figure S12. Selected kinetics traces of Ir(dimen) in THF measured after 470 nm and 585 nm 
excitation with magic angle between pump and probe beam polarizations. Bottom: raw data. 
Top: 3-point averaging applied. Traces in the left panel were measured at (from top down): 
2103, 2101, 2098, 2095, 2093, 2085, 2079, 2069, 2058 cm–1, break line, 2209, 2188, 2182 cm–1. 
Right panel: 2106, 2103, 2101, 2098, 2095, 2093, 2090, 2085, 2079, 2063, break line, 2224, 
2212, 2200, 2191, 2179 cm–1. 
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Figure S13. A control experiment: Kinetics traces measured at the low-and high-frequency sides 
of the ν(N=C) TRIR band of the 3MLCT excited-state of [Ru(4,4'-(COOEt)2-bpy)2(NCS)2] and 
[Ru(4,4'-(MeO)2-bpy)2(NCS)2] in DMF after 470 nm excitation. Left: raw data. Right: 3-point 
adjacent averaging applied. Measurements were performed at identical experimental 
conditions (instrument settings, the cell, the day, etc.) as Ir(dimen) experiments. The absence of 
signal oscillations shows that they are compound-specific and not experimental artifacts. 
Accordingly, FFT analysis shows neither the 77-88 cm–1 peak nor any signs of periodicity 
superimposed on the kinetics traces. Detection wavelengths from top to bottom (COOEt): 2006, 
2001, 1996, 1991, 1986, 1967, 1948, 2186, 2168, 2151, 2142, 2134, 2131, 2128, 2125 cm–1; 
(MeO): 2021, 2019, 2016, 2011, 2006, 2001, 1996, 1986, 1974, 2168, 2142, 2131, 2128, 2125, 
2123, 2120 cm–1. 
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Figure S14. Fast Fourier transforms of selected kinetics traces measured in DCM. FFT was 
performed over the 0-2 ps range, data were acquired every 50 fs. FFT points are separated by 
ca. 11 cm–1.  
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Figure S15. Fast Fourier transforms of selected kinetics traces measured in MeCN. FFT was 
performed over the 0-2 ps range, data were acquired every 50 fs. FFT points are separated by 
ca. 11 cm–1. Note, that oscillations of the 2112 cm–1 traces are rather weak but the 77-88 cm–1 
beat can still be identified. 
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Figure S16. Time dependent width (FWHM) of the Ir(dimen) excited-state IR band measured 
after 470 (left) and 585 (right) nm excitation in MeCN at magic angle polarization. 
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Figure S17. Time dependent width (FWHM) of the Ir(dimen) excited-state IR band measured 
after 470 (left) and 585 (right) nm excitation in DCM at parallel and perpendicular polarizations. 
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Figure S18. UKS-DFT optimized structures of the long/eclipsed (left) and short/twisted (right) 
isomers of Ir(dimen) in the triplet excited state. Hydrogen atoms omitted for simplicity. 
Comparison with Figure 1 reveals that, relative to the ground state, the Ir atoms are slightly 
displaced inwards from the facial planes. The structure on the right is visually undistinguishable 
from those of the lowest singlet excited state and the TDDFT triplet structure. 
 
 
 
 
Figure S19. UKS-DFT calculated spin density distribution in the lowest triplet state (3B1) of 
Ir(dimen). 
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Figure S20. UKS-DFT optimized structures of the short/twisted isomer of Ir(dimen) with four 
MeCN molecules in the ground- (top) and lowest triplet (bottom) states. The whole 
Ir(dimen)⋅4MeCN cluster is embedded in a PCM-modelled implicit MeCN. Ground-state 
structure does not exhibit any preferential orientation of MeCN towards the Ir(dimen). The 
triplet structure shows that N atoms of close-lying MeCN molecules are oriented towards Ir. 
The dashed lines indicate the shortest calculated Ir–N(MeCN) distances of 3.86 and 4.09 Å. 
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TABLES 
 
Table S1. TDDFT-calculated ν(C≡N) wavenumbers (cm–1) and intensities (in parenthesis, 103 
km/mol) of the ground state (a1A) and lowest excited singlet (b1B1) and triplet (a
3B1) states of 
the short/twisted isomer of Ir(dimen) in MeCN, assuming D2 symmetry. Wavenumbers are 
scaled by 0.956.  
 
a1A Exp. a1B1 Exp-a
1B1 a
3B1 Exp-a
3B1 
2147 (0.0); B2 2128 
2139(0.0); B3   2136(4.3); B1   
2147 (0.0); B3 2139(0.0);  A  2139(0.0); B3  
2153 (5.7); B2 2158 
2140(0.7); B2   2139(0.5); B2  
2153 (5.9); B3 2142(0.0); B1   2140(0.0);  A  
2170 (0.0);  A   2143(5.2); B2 2136 
2143(0.0); B1  
2172 (0.0); B1  2143(6.2); B3 2143(5.5); B2 2142 
2212 (0.5); B1 2200 2185(0.1); B1  2143(6.3); B3 
2231 (0.0);  A   2219(0.0);  A   2222(0.0);  A  
 
 
 
 
Table S2. UKS-DFT-calculated and experimental vibrations of the Ir(dimen) ground state and 
3dσ*pσ lowest triplet. In MeCN, no symmetry assumed. 
 
short/twisted long/eclipsed  twisted eclipsed  
GS GS Exp. 3dσ*pσ 3dσ*pσ Exp. 
2147 (0.0) 2164 (0.2) 
2128 
2137(0.0) 2143(0.0)  
2147 (0.0) 2164 (0.0) 2137(1.3) 2143(0.0)  
2153 (5.7) 2168 (6.0) 
2158 
2138(0.0) 2145(0.0)  
2153 (5.9) 2168 (5.9) 2141(0.0) 2145(0.0)  
2170 (0.0) 2188 (0.0)  2141(4.8) 2147(6.3) 
2142 
2172 (0.0) 2190 (0.0)  2141(6.4) 2147(6.3) 
2212 (0.5) 2240 (0.0) 2200 2153(2.2) 2155(3.5)  
2231 (0.0) 2243 (0.0)  2222(0.0) 2227(0.0)  
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Table S3. DFT-calculated one-electron energies and compositions of selected frontier molecular 
orbitals of the ground-state short/twisted deformational isomer of Ir(dimen). (PBE0/GD3/PCM-
MeCN, no symmetry assumed) 
MO E (eV) Prevailing 
character 
Ir C(C≡N) N 
Unoccupied      
LUMO+2 -0.57 CN(π∗) 7 55 28 
LUMO+1 -0.94 Ir (pσ∗)+CN(π∗) 23 46 24 
LUMO -2.74 Ir (pσ)+CN(π∗) 34 34 27 
Occupied  
HOMO -5.79 Ir (dσ*) 88 8 3 
HOMO-1 -7.12 Ir (dπ∗)  75 3 16 
HOMO-2 -7.13 Ir (dπ∗) 75 3 16 
HOMO-3 -7.61 Ir (dπ)  69 2 21 
HOMO-4 -7.62 Ir (dπ) 69 3 21 
HOMO-5 -7.73 Ir (dσ) 98 1 0 
HOMO-6 -7.90 Ir (dπ) 49 3 28 
HOMO-7 -7.93 Ir (dπ) 53 3 30 
 
Table S4. DFT-calculated one-electron energies and compositions of selected frontier molecular 
orbitals of Ir(dimen) at the TDDFT optimized geometry of the lowest excited singlet state. 
(PBE0/GD3/PCM-MeCN, D2 symmetry assumed.) 
 
MO E (eV) Prevailing 
character 
Ir C(C≡N) N 
Unoccupied      
LUMO+2 -0.62 CN(π∗) 12 55 27 
LUMO+1 -0.67 Ir (pσ∗)+CN(π∗) 11 46 28 
LUMO -2.82 Ir (pσ)+CN(π∗) 29 34 29 
Occupied  
HOMO -5.46 Ir (dσ*) 84 9 5 
HOMO-1 -6.93 Ir (dπ∗)  77 4 15 
HOMO-2 -6.93 Ir (dπ∗) 77 4 15 
HOMO-3 -7.89 Ir (dπ)  66 2 23 
HOMO-4 -7.9 Ir (dπ) 66 2 23 
HOMO-5 -7.91 Ir (dπ) 49 3 28 
HOMO-6 -7.94 Ir (dπ) 53 3 30 
HOMO-7 -8.42 Ir (dσ) 94 5 0 
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Table S5. DFT-calculated one-electron energies and compositions of selected frontier molecular 
orbitals of Ir(dimen) at the TDDFT* optimized geometry of the lowest triplet state (a3B1). 
(PBE0/GD3/PCM-MeCN, D2 symmetry assumed.) 
 
MO E (eV) Prevailing 
character 
Ir C(C≡N) N 
Unoccupied      
LUMO+2 -0.63 CN(π∗) 12 50 27 
LUMO+1 -0.68 Ir (pσ∗)+CN(π∗) 11 51 28 
LUMO -2.83 Ir (pσ)+CN(π∗) 28 37 29 
Occupied  
HOMO -5.41 Ir (dσ*) 84 10 6 
HOMO-1 -6.92 Ir (dπ∗)  77 4 15 
HOMO-2 -6.92 Ir (dπ∗) 77 4 15 
HOMO-3 -7.92 Ir (dπ)  49 3 28 
HOMO-4 -7.94 Ir (dπ) 65 2 23 
HOMO-5 -7.95 Ir (dπ) 65 2 23 
HOMO-6 -7.95 Ir (dπ) 53 3 30 
HOMO-7 -8.52 Ir (dσ) 95 5 0 
* Note: UKS calculation provides the following compositions of the two frontier orbitals for the 
twisted isomer: 34% Ir, 31% C(C≡N), 29% N (αHOMO) and 85% Ir, 7% C(C≡N), 6% N (αHOMO-1). 
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Table S6. DFT-calculated structural parameters of the short/twisted isomer of Ir(dimen) in the 
electronic ground, lowest (twisted) triplet, and lowest TDDFT-calculated singlet excited states 
(a1A). Atoms C1-C4 and C5-C8 refer to the two facial planes (see1 for details). D2 symmetry 
assumed for the TDDFT calculation, GS and UKS calculations without symmetry. In MeCN.  
 
Bond (Å) GS UKS 3dσ*pσ TD DFT 3dσ*pσ TD DFT 1dσ*pσ 
Ir1-Ir2 3.251 2.861 2.845 2.883 
Ir1-C1 1.959 1.963 1.963 1.965 
Ir1-C2 1.959 1.964 1.962 1.966 
Ir1-C3 1.959 1.963 1.963 1.965 
Ir1-C4 1.959 1.964 1.962 1.966 
Ir2-C5 1.959 1.964 1.963 1.966 
Ir2-C6 1.959 1.963 1.962 1.965 
Ir2-C7 1.959 1.964 1.963 1.966 
Ir2-C8 1.959 1.963 1.962 1.965 
C≡N 1.163 a 1.164 a 1.164 a 1.164 a 
angle  
Ir2-Ir1-C1 92.6 b 93.5 b 93.3 93.3 
Ir2-Ir1-C2 93.4 c 93.9 c 93.6 93.6 
C≡N-C 168.5 a 166.5 a 167.3 168.5 
Ca-Ir1-Ir2-Ca' 
c 38.4 d 41.9 d 42.0 41.9 
 
a Average of CN distances or corresponding C≡N-C angles. b Average of shorter Ir2-Ir1-C angles. c 
Average of larger Ir2-Ir1-C angles. d Average of CIr1Ir2C twist angles.  
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Table S7. DFT-calculated structural parameters of the long/eclipsed isomer of Ir(dimen) in the 
electronic ground- and lowest triplet states. Atoms C1-C4 and C5-C8 refer to the two facial 
planes (see1 for details). In MeCN, no symmetry assumed. 
 
Bond (Å) GS UKS a3A 
Ir1-Ir2 4.319 2.940 
Ir1-C1 1.959 1.961 
Ir1-C2 1.959 1.962 
Ir1-C3 1.959 1.961 
Ir1-C4 1.959 1.964 
Ir2-C5 1.959 1.964 
Ir2-C6 1.959 1.963 
Ir2-C7 1.959 1.964 
Ir2-C8 1.959 1.963 
C≡N 1.161a 1.164 
angle   
Ir2-Ir1-C1 90.8 b 95.7 
Ir2-Ir1-C2 90.8 96.4 
C-N-C 177.2 173.5 
a Average of CN distances or corresponding C-N-C angles. b Average of shorter Ir2-Ir1-C angles.    
c Average of larger Ir2-Ir1-C angles. 
 
 
Table S8. Calculated ν(C≡N) wavenumbers (cm–1) and intensities (in parenthesis, 103 km/mol) 
of the ground state (a1A) and lowest excited singlet (b1A) and triplet (a3A) states of the 
short/twisted form of the 3:1 orientational isomer of Ir(dimen) in MeCN. Wavenumbers are 
scaled by 0.956.  
 
a1A Exp. b1Aa Exp. a3Ab Exp. 
2147 (0.0) 
2128 
2140(0.1)  2137(0.1)  
2147 (0.1) 2140(0.2)  2138(0.7)  
2153 (5.6) 
2158 
2140(0.3)  2138(0.1)  
2153 (5.7) 2143(0.1)  2141(0.7)  
2170 (0.0)  2144(5.4)  
2136 
2141(5.4) 
2142 
2172 (0.0)  2144(6.0) 2141(5.6) 
2212 (0.5) 
2200 
2185(0.1)  2152(2.3)  
2231 (0.0) 2220(0.0)  2222(0.1)  
 
a TDDFT calculation 
b UKS DFT calculation 
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Quantum chemical calculations 
Electronic structures of Ir(dimen) in ground and lowest excited states were calculated by DFT 
using the Gaussian 09 (G09) program package.2 The geometry optimization of the lowest singlet 
and triplet excited states was performed by the time-dependent DFT (TDDFT) approach; and 
the lowest triplet state also was calculated by the UKS method. Geometry optimization was 
followed by vibrational analysis in order to characterize stationary states. Calculations 
performed without any symmetry constraints provided real energy minima for all investigated 
isomers and states. The short/twisted Ir(dimen) isomer was also optimized within the D2 
symmetry and the results were used to characterize the approximate symmetries of ν(C≡N) 
modes. DFT calculations employed the Perdew, Burke, Ernzerhof (PBE0) hybrid functional,3,4 
either alone or with the D3 version of Grimme’s dispersion with the original D3 damping 
function added.5 The MeCN solvent was described by the polarizable conductor model (PCM).6 
The following basis sets were used: double ζ 6-31g(d) basis set7 for H; polarized triple ζ basis 
sets 6-311g(d)8,9 for C, N and O atoms; and quasirelativistic effective core pseudopotentials and 
corresponding optimized set of basis functions for Ir.10,11 Mayer-Mulliken bond orders were 
obtained by the NBO 6 program. Reported vibrational frequencies were scaled by a factor of 
0.956 that provides the best match with the experimental ground-state ν(CN) bands. 
 
DFT-calculated low-frequency vibrations 
Calculations (D2 symmetry, PCM-MeCN, harmonic approximation) on the ground-state 
short/twisted Ir(dimen) isomer revealed a high density of low-frequency modes, out of which 
those at 25, 31, and 42 cm–1 contain significant ν(Ir-Ir) contributions that are in all cases 
coupled with delocalized deformational motions of the whole molecule (including the dimen 
ligand backbone). There is a good match between calculated (42 cm–1) and experimental12 (48 
cm–1) ν(Ir-Ir) modes. Higher ν(Ir-Ir) wavenumbers were calculated (TDDFT) in the 1dσ*pσ and 
3dσ*pσ excited states: 77, 96, and 120 cm–1 and 78, 98, and 128 cm–1, respectively. 
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Orientational isomerism 
Besides deformational isomerism, where the two forms differ in the Ir-Ir distance and the twist 
angle, Ir(dimen) also can exist in several "orientational isomers" that differ in the "head-to-tail" 
relative orientations of the dimen ligands: 4:0 (all aligned), 3:1, cis-2:2, and trans-2:2. The 
respective DFT-calculated free energies of Ir(dimen) orientational isomers (relative to the most 
stable isomer, MeCN, 293 K) are 0.077, 0.011, 0.003, and 0.0 eV for the long/eclipsed 
deformational isomer and 0.005, 0.0, 0.049, and 0.032 eV for the short/twisted isomer.1 The 
actual solution composition is not known and may vary with synthetic conditions. Crystal 
structures13 show disordered dimen orientations, which correspond to mixtures of orientational 
isomers. In this work, we present computational results for the trans-2:2 isomer. For 
comparison, we have performed calculations also on the 3:1 isomer. The calculated ground- 
and excited-state structures of the Ir2(C≡N–)8 part of the molecule, as well as molecular orbitals 
and IR spectra are nearly identical with those obtained for the trans-2:2 case. Calculated 
ground- and excited-state ν(C≡N) wavenumbers of the 3:1 isomer are listed in Table S8. 
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